Most of chronic obstructive pulmonary disease (COPD) patients show decreased exercise capacity as detected by cardiopulmonary exercise testing (CPET). The multidimensional BODE index including assessment of exercise capacity by 6-min walking distance (6MWD) can predict mortality in COPD patients. Aim To evaluate the association between CPET parameters and BODE index in stable COPD patients.
Introduction
It is well documented that the universal concern for chronic obstructive pulmonary disease (COPD) is ascending; by 2030, it will be ranked as the third cause of death worldwide [1, 2] . Furthermore, COPD affects several critical domains such as quality of life, symptoms, daily activity, and functional status [3, 4] .
There is little evidence-based data about the relationship between subjective complaints in COPD and objective variables. Indeed, few studies have discussed the correlation between symptomatology in COPD patients and their objective physiological measurements [5] .
Cardiopulmonary exercise testing (CPET) is considered the cornerstone for the assessment of exercise capacity in COPD patients because most of the parameters measured at rest [e.g. forced expiratory volume in the first second (FEV1), BMI, and diffusing capacity for carbon monoxide] are not capable to represent the exact exercise intolerance in these patients [6] .
On the other hand, BODE is a multidimensional index including BMI, airflow obstruction, dyspnea, and exercise capacity. It is characterized by applicability and simplicity. It is considered one of the most important predictors of mortality in COPD patients [7] .
By comparison, both peak VO 2 and FEV1 are considered predictors of mortality in COPD patients
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but in one valuable study, it was proved that peak VO 2 is a stronger element in comparison to FEV1. But, there are certain problems related to the measurement of peak VO 2 , such as the relative difficulty to use the equipment, availability of an expert operator [8] , and some patients with severe cardiopulmonary limitation are not able to perform CPET [9] .
Aim
The target of this study was to determine the correlations between BODE index and various parameters of CPET and thus, the reliability of using BODE index to assess the functional capacity and disease prognosis in certain COPD patients where using CPET is not accessible.
Patients and methods
The present study is a cross-sectional study which included 30 stable COPD patients. The duration of data collection extended from February 2018 till August 2018. The present study was accepted by the local ethics committee of Alexandria Faculty of Medicine. All the studied patients have signed an informed consent before starting the study. They were diagnosed according to GOLD criteria (FEV1/ forced vital capacity <0.7) [10], 13 patients belonged to stage II. In addition, the study included eight patients of stage III and nine patients of stage IV. All the studied patients had no exacerbation 6 weeks before starting the study. The following factors were considered grounds for exclusion: uncontrolled arterial hypertension, recent myocardial infarction, and decreased peripheral oxygen saturation below 85% at rest. No change in routine medical therapy was made in the 4 weeks before the study.
Methods

Cardiopulmonary exercise testing
All the studied patients underwent CPET regarding the recommendations of the American Thoracic Society/American College of Chest Physicians' statement on CPET [11] . A magnetically braked cycle ergometer (ergoselect 201000135000, version 2016-09-23, Rev 02. Francais) was used to perform CPET. As a first step of the test, the patients were instructed to perform 3 min of unloaded cycling. Then, incremental exercise was adopted (by adding 20 W each 3 min). During exercise, the patients were instructed to keep their speed at 60 rpm. Minute ventilation, oxygen uptake, breathing reserve, dead space, end-tidal O 2 , and end-tidal CO 2 were measured via a breath-by-breath respiratory gas analysis system using a face mask. During CPET, all the studied patients were closely monitored regarding ECG and vital signs. Dyspnea and leg fatigue were rated continuously using the Borg scale [12] . The patients were encouraged to cycle till being exhausted for at least 3 min. CPET was intended to be ended in case of intolerable dyspnea, leg fatigue, severe desaturation (<85%), chest pain, or due to the patient demand for any other reason. Throughout the study, all the patients stopped the test due to dyspnea, leg fatigue, or both of them.
BODE index
This multidimensional index includes BMI, FEV1% of predicted [13] , dyspnea score [14] according to the modified Medical Research Council dyspnea scale, and 6-min walking distance (6MWD). Each studied patient had his score regarding the four elements (0-1 for the BMI and 0-3 for FEV1, dyspnea, and 6MWT) [7] .
6MWD test was used to assess exercise capacity as a part of BODE index. A walking corridor of 30 m long was used to perform the test. The patient was instructed to have rest for at least 2 h before the test. The studied patients were instructed to mention any of the following symptoms as they are reasons for stopping the test: chest pain, severe dyspnea, lower limb cramps, staggering, excessive sweating, and pallor. Oxygen saturation was monitored during the test using a pulse oximeter [15] .
Chronic obstructive pulmonary disease assessment test score
The score ranges from 0 to 40. The score includes eight variables. Each studied patient had his total COPD assessment test score calculated by summing the points for each variable [16] .
Statistical analysis
Data were fed to the computer and analyzed using IBM SPSS software package, version 20.0 (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp.). Numbers and percentage were used to describe qualitative data. Quantitative data were expressed using median (minimum-maximum) and mean±SD. Regarding normally distributed quantitative variables, for correlation between two quantitative variables Pearson's coefficient was used while for abnormally quantitative variables Spearman's coefficient was done. Significance of the obtained results was decided at the 5% level [17] .
Results
The clinical characteristics of the 30 studied patients are presented in Table 1 . The mean age of them was 56.6±7.2 years. All the studied patients were men. Nine (30%) patients were current smokers while 21 (70%) patients were exsmokers. 6MWD, BODE index, COPD assessment test score, modified Medical Research Council, FEV1% of predicted, PO 2 , PCO 2 , oxygen saturation, and different CPET are shown in (Table 2) .
Correlations between BODE index and different
CPET parameters are shown in (Table 3) . Positive direct correlation was demonstrated between BODE index and minute ventilation (max/pred) (P=0.031). Furthermore, positive indirect correlations were demonstrated between BODE index and breathing reserve, maximum oxygen consumption (VO 2 max) (l/min), VO 2 max (ml/kg/min) ( Figure 1 ), and anaerobic threshold (only 50% of the studied patients could reach the anaerobic threshold) as P=0.044, 0.048, 0.034, and 0.023, respectively. Regarding FEV1% of predicted, it showed a direct positive correlation with breathing reserve as the P value less than 0.001. In addition, 6MWD presented positive indirect correlation with minute ventilation (max/pred) with a P value of less than 0.001 while it showed positive direct correlations with breathing reserve, VO 2 max (l/min), VO 2 max (ml/kg/min) ( Figure 2) , VO 2 max percentage of predicted, and anaerobic threshold as the P value is equal to 0.018, less than 0.001, less than 0.001, less than 0.001, and less than 0.001, respectively.
Discussion
The main results of this study showed significant correlations between BODE index and various CPET parameters including minute ventilation (max/pred), breathing reserve, VO 2 max (l/min), VO 2 max (ml/kg/min), and anaerobic threshold in COPD patients. Furthermore, 6MWD as a part of BODE index has also revealed significant correlations with the same parameters. In addition, FEV1 has Qualitative data were described using n (%). Quantitative data were expressed using median (minimum-maximum) and mean ±SD. PYI, pack-year index. 6MWD, 6-min walking distance; FEV1, forced expiratory volume in the first second; r s , Spearman's coefficient; VO 2 , maximum oxygen consumption. *Statistically significant at P value less than or equal to 0.05.
Figure 1
Correlation between BODE index and VO 2 max (ml/kg/min). VO 2 , maximum oxygen consumption.
Figure 2
Correlation between 6MWD and VO 2 max (ml/kg/min). 6MWD, 6 min walking distance; VO 2 , maximum oxygen consumption.
shown a positive correlation with only breathing reserve.
In line with our results, Celli et al. [7] have mentioned that BODE index is considered one of the most important mortality-predictive indices in COPD as it shows the extent of functional disability in these patients.
A recent study has shown the presence of positive correlation between BODE index (especially 6MWD or FEV1) and O 2 uptake on-kinetics. As it is well known that COPD has systemic aspects, in this context, decreased O 2 consumption of these patients causes peripheral muscle dysfunction [18] .
Regueiro et al. [19] have demonstrated that 6MWD can be used as a reliable complementary test to assess the physical capacity of COPD patients. In one study which included 129 COPD patients, a weak correlation was detected between peak VO 2 % predicted and health status [20] . On the contrary, another study has shown that peak VO 2 was significantly correlated with the level of physical activity in COPD patients [21] .
In this context, Cardoso et al. [22] reported that their study has proved the presence of statistically significant correlation between 6MWD and VO 2 max; thus, it is more simple to use BODE index. Also, they declared that replacement of 6MWD by CPX is not a must for every COPD patient.
In addition, our results were supported by the findings from several recent studies declaring the presence of positive correlation between VO 2 max (ml/min/kg) and 6MWT in COPD patients performing an incremental test emphasizing that 6MWT is one of the important variables used to predict maximal oxygen consumption [23] [24] [25] [26] [27] .
Although, Cardoso et al. [22] have concluded a significant correlation between 6MWT and maximal test. They did not encourage the replacement of maximal tests by 6MWD. Also, they have declared that BODE index seems to be more simple and practical.
Similarly, de Oca et al. [23] and Swinburn et al. [28] have proved the presence of weak but significant correlation between peak VO 2 and the 6MWD in COPD patients.
In comparison between 6MWD and maximal tests, one of the most important disadvantages of CPET is that VO 2 peak is measured toward the end of the determined workload of the planned protocol which is usually not appropriate for patients with severe disease [29] . On the other hand, despite our results, 6MWD depends on the patient motivation; thus, it may be not an accurate tool to assess the exact exercise capacity of the patient. Meanwhile, maximal incremental tests are considered a good objective way to measure maximal oxygen consumption (VO 2 max) [11] .
It was stated that using 6MWD instead of CPET should not be generalized as CPET entails many powerful aspects which can diagnose the hidden cause behind the cardiopulmonary limitation but it is wise to consider 6MWD as a complementary test during daily medical practice [29, 30] .
Furthermore, this study has proved the presence of statistically significant correlation between BODE index and minute ventilation (max/predicted) measured during CPET. In this context, Mirdamadi et al. [31] have proved the presence of significant positive correlation between VE/VCO 2 with the BODE index in stable COPD patients. Hence, it was concluded that CPET can be one of the tools used to predict the prognosis and mortality in these patients. In context with our result Balady and colleagues declared that there is an urge of increasing minute ventilation during exercise in the presence of adequate blood supply to the lungs to cope with the higher minute ventilation. But, in many pulmonary diseases, healthy lung tissues are affected. They also mentioned that there is positive correlation between severity of the disease and degree of increasing minute ventilation during exercise [32] .
In agreement with the present study as we could not find a significant correlation between FEV1 and CPET parameters except the breathing reserve, many studies have demonstrated that BODE index is a better predictor of mortality in COPD patients in comparison to FEV1 or BMI [33, 34] alone as it includes several tools for assessment (FEV1% of predicted, 6MWD, dyspnea score, and BMI) [7] . But, in these studies CPET was not encountered. In contrast to our findings, a recently published research has shown the presence of a significant correlation between FEV1 percent predicted and the predicted maximum oxygen uptake (VO 2 max% predicted) but with marked discrepancy of peak VO 2 . This entails that FEV1 may not represent the exact exercise capacity in these patients [35] .In contrast to our results, Pessoa et al. [36] have found a moderate correlation between both FEV1 and 6MWD with VO 2 on-kinetics. Many other studies have mentioned that FEV1 cannot be considered the proper variable to assess the systemic effects of COPD [37, 38] . Meanwhile, in context with our study Borghi-Silva et al. [18] have stated the presence of correlation between VO 2 on-kinetics and only 6MWD; this difference between both studies can be referred to using different types of ergometers [39] [40] [41] .
Finally, despite the presence of various simple tools for COPD patient assessment, CPET is still a very valuable tool to detect the cardiopulmonary response on exerting effort in these patients and thus it can be used for the prescription of exercise training program included in pulmonary rehabilitation. In addition, CPET can be used to assess any other intervention such as pharmacological treatment or surgery [30] .
Ortega et al. [42] have suggested that CPET is the most comprehensive tool to assess exercise response of various body systems including the pulmonary, cardiovascular, hematopoietic, neuropsychological, and skeletal muscle system.
In conclusion, the present study has shown a significant correlation between BODE index and different parameters of CPET.
Importance of the present study
This study adds a valuable importance to BODE interpretation. As our study has concluded that decreased exercise capacity detected by CPET is related to BODE in COPD patients, further studies are still required in this domain especially regarding the therapeutic aspects to prove that any intervention that can improve the exercise capacity in COPD patients can decrease exacerbations and improve prognosis.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest.
